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57 ABSTRACT 

An electrometer having small width size and stable charac 
teristics includes a chopper portion for chopping electric line 
of force emitted from an object to be measured. The chopper 
portion is constituted with a tuning fork type bending 
vibrator including a first metal plate as a detection electrode 
portion for receiving electric line of force, a second metal 
plate and an insulating plate for connecting the first and 
second metal plates in a plane. The bending vibrator is 
arranged such that its vibrating direction is coincident with 
direction of electric line of force, so that the width size of the 
electrometer can be reduced and the characteristics thereof 
can be stabilized. 

7 Claims, 3 Drawing Sheets 
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1. 

SURFACE POTENTIAL ELECTROMETER 

BACKGROUND OF THE INVENTION 

The present invention relates to an electrometer for 
detecting a surface potential of an object to be measured and, 
particularly, to an electrometer having a function of con 
verting a surface potential into an A.C. signal by means of 
an electromechanical resonator. 

A conventional electrometer includes a casing having a 
measuring hole for introducing electric line of force emitted 
from an object to be measured. A tuning fork is provided 
with a chopper portion for chopping the electric line of force 
introduced in the casing with a constant period. A detection 
clectrode is responsive to the chopped electric line of force 
to derive an A.C. signal therefron. Such electrometer, 
however, is bulky due to its large width size, for reasons to 
be described later. Further, an output of such electrometer 
varies according to a mutual positional relation between the 
measuring hole, the chopper portion and the detection elec 
trode. In order to solve these problems, an electrometer has 
becn proposed in which an orientation of a tuning fork is 
changed. In such electrometer having the tuning fork the 
orientation of which is changed, however, physical charac 
teristics, particularly, stiffness thereof, of an adhesive used to 
fix a lead wirc for lcading an output signal thereof onto a 
surface of an arm of the tuning fork is very sensitive to 
temperature compared with metal material forming the 
tuning fork. Therefore, a vibration amplitude of the tuning 
fork varies considerably with temperature, so that an opera 
tion of the electrometer becomes unstable with respect to 
temperature. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electrometer which has a small width size and has a char 
acteristic which is stabilized even if the width size thereof is 
made smaller by changing an orientation of a tuning fork. 
An electrometer according to the present invention com 

prises a casing having a measuring hole for leading in 
clectric line of force emitted from an object to be measured. 
A tuning fork type bending resonator integrally including a 
detection electrode receives electric line of force led into the 
casing. A wiring substrate supports the bending resonator. 
Since the electrometer according to the present invention has 
no lead wirc for deriving an output from the detection 
electrode integrally formed on the bending resonator in the 
form of a flat strip, there is no variation of characteristics 
thereof and its operation is stable with reduced width size. 
Further, since the structure of the bending resonator is very 
simple, it can be manufactured very easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are a cross sectional plan view and a 
cross sectional front view of a first conventional electrom 
eter, respectively; 

FIGS. 2A and 2B are a cross sectional plan view and a 
cross ScCtional front view of a second conventional elec 
trometer, respectively; 

FIGS. 3A and 3B are a cross sectional plan view and a 
cross sectional front view of a first embodiment of an 
electrometer according to the present invention, respec 
tively; 
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2 
FIG. 4 is a perspective view of a tuning fork type bending 

resonator used in the first embodiment shown in FIGS. 3A 
and 3B; 

FIG. 5 is a circuit diagram of an example of an amplifier 
circuit for amplifying an output of the electrometer in FIGS. 
3A and 3B; 

FIG. 6 is a circuit diagram of an example of a drive circuit 
for driving the bending resonator; 

FIGS. 7A and 7B are a cross sectional plan view and a 
cross sectional front view of a second embodiment of an 
electrometer according to the present invention, respec 
tively; and 

FIG. 8 is a perspective view of a cantilever resonator used 
in the second embodiment shown in FIGS. 7A an 7B. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In order to facilitate an understanding of the present 
invention, conventional electrometers will be described first. 

In FIGS. 1A and 1B showing a first conventional elec 
trometer, the electrometer comprises a casing 5 having a 
measuring hole 19 for taking in electric line of force emitted 
from an object which is not shown and whose surface 
potential is to be measured. A tuning fork 21 having chopper 
portions 23 chops electric line of force 18taken in the casing 
5. A detection electrode 22 is responsive to the chopped 
electric line of force 18 to derive an A.C. signal. Piezoelec 
tric ceramics 7 are bonded onto outer surfaces of the tuning 
fork 21. Further, the tuning fork 21 and the detection 
electrode 22 are fixed on a substrate 6 which is housed in the 
casing 5 having the measuring hole 19. An input/output 
terminal 16 and a ground terminal 14 for the piezoelectric 
ceramics for Supplying the driving signal of the tuning fork 
and for deriving an output signal from the tuning fork are 
provided in predetermined positions on the substrate 6. 

However, a size of the electrometer is relatively large, 
since a size of the casing 5 in width direction (vertical 
direction in FIG. 1A) must be large enough to receive two 
chopper portions 23 which are spaced by a certain gap and 
are provided on outer surfaces thereof with the piezoelectric 
ceramics 7 with a margin large enough to allow lead wirings 
13 for the piezoelectric ceramics 7. 

In FIGS. 2A and 2B, a second example of the conven 
tional electrometer includes a casing 5 having a measuring 
hole 19 for taking in electric line of force emitted from an 
object which is not shown and whose surface potential is to 
be measured. A detection electrode 22 is mounted on a top 
end portion of an arm of a tuning fork 21 through an 
insulating plate 24 and receives electric line of force 18 led 
in the casing 5 while being vibrated with a constant period 
with respect to an object to be measured. Piezoelectric 
ceramics 7 are bonded onto the tuning fork 21 by adhesive. 
The tuning fork 21 is fixed on a substrate 6 which is housed 
in the casing 5 having the measuring hole 19. A lead wire 11 
for deriving the output signal from the detection electrode 22 
is fixed by adhesive on a surface of an arm of the tuning fork 
so that influence of it to vibration of the tuning fork 21 is 
minimized. Width of the electrometer of the second example 
can be smaller than that of the first example since it is 
restricted by only a width of a support portion 26 of the 
tuning fork. However, as mentioned previously, the vibrat 
ing amplitude of the tuning fork depends largely on tem 
perature and the operation of the electrometer becomes 
unstable. 
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FIGS. 3A and 3B are a cross sectional plan view and a 
cross sectional front view of a first embodiment of an 
electrometer according to the present invention, respec 
tively. In these figures, the electrometer 100 includes a 
tuning fork type bending vibrator 1 formed by connecting a 
first metal plate as a detection electrode 2 to a second metal 
plate 20 (FIG. 4) through an insulating plate 3. The bending 
vibrator 1 is supported by a wiring substrate 4 through 
support portions 9 and 10. A base 6 supports the wiring 
substrate 4 and a casing which houses all of the above 
mentioned elements has a measuring hole 19. 
The bending vibrator 1 is constituted with the first metal 

plate as the detection electrode 2, the insulating plate 3 and 
the second metal plate 20 shown in a right portion in FIG. 
4. The detection electrode 2 and the insulating plate 3 are 
connected by adhesive and the insulating plate 3 and the 
second metal plate 20 are also connected by adhesive. 
Piezoelectric ceramics 7 for driving the bending vibrator and 
for deriving a vibration signal are bonded to the bending 
vibrator by adhesive. Thc support portions 9 and 10 are 
provided such that they support the bending vibrator 1 at its 
nodal point, respectively. The support portions 9 and 10 are 
integrally formed with the first metal plate 2 and the second 
metal plate 20 and connected to the wiring substrate 4 by 
such as solder, respectively. 

FIG. 4 is a perspective view of the bending vibrator 1 used 
in this cmbodiment. An operation of this embodiment will be 
described with FIGS. 3A, 3B and 4. Electric line of force 18 
cmitted from an object to be measured passes through the 
measuring hole 19 to the detection electrode 2 and induces 
an electrostatic potential in the detection electrode 2. 

Since the piezoelectric ceramics 7 of the bending vibrator 
1 are connected to an external drive circuit through the lead 
wire 13 and wirings on the wiring substrate, the bending 
vibrator 1 is subjected to bending vibration. Since the 
detection electrode 2 vibrates vertically as shown by an 
arrow A in FIG. 3B due to vibration of the bending vibrator 
1, potential induced in the detection electrode 2 varies 
periodically as in the conventional construction shown in 
FIGS. 2A and 2B. Therefore, an A.C. voltage having fre 
quency and amplitude corresponding to vibration frequency 
of the bending vibrator and amplitude of vibration is gen 
erated between the detection electrode and ground. The 
amplitude of this A.C. voltage is small. In order to convert 
the voltage into a signal which is easily processed, it is 
amplified by an amplifier having a high input impedance. 

FIGS. 5 and 6 show examples of such amplifier. A circuit 
of this amplifier may be formed on the wiring substrate 4 
shown in FIGS. A and 1B. The describition of the circuits 
shown in FIGS. 5 and 6 are omitted since these are well 
known in the art. 

The bending vibrator 1 is fixed on the wiring substrate 4 
by the support portions 9 and 10 which also act electrically 
as wirings for the detection electrode portion 2 as well as a 
wiring on the wiring substrate 4 and as grounding wiring for 
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the bending vibrator, respectively. Therefore, there is no 
need of providing lead wirings therefor. Further, since 
variation of output signal of this electrometer is restricted 
only by a positional relation between the measuring hole and 
the detection electrode, the size can be made smaller than the 
conventional electrometer using choppers. 

FIGS. 7A and 7B are a cross sectional plan view and a 
cross sectional front view of a second embodiment of an 
electrometer according to the present invention, respec 
tively. The electrometer shown in FIGS. 7A and 7B differs 
from the first embodiment shown in FIGS. 3A and 3B in that 
a detection electrode 2 is formed by a metal plate bent at 
right angle. 

FIG. 8 is a perspective view of a bending vibrator used in 
the electrometer shown in FIGS. 7A and 7B. In the elec 
trometer according to this embodiment, vibrating direction 
of the detection electrode portion 21 is perpendicular to 
electric line of force. Therefore, electric line of force 
received by the detection electrode through the measuring 
hole varies with vibration thereof, resulting in an A.C. 
signal. Since the basic construction of the electrometer 
shown in FIGS. 7A and 7B is the same as that shown in 
FIGS. 1A and 1B, its output is stable with smaller width size. 
What is claimed is: 
1. An electrometer comprising: 
a bending vibrator having a detection electrode for receiv 

ing electric line of force from an object to be measured; 
a casing for installing said bending vibrator, and 
Supporting means for supporting said bending vibrator at 

least at two nodal points thereof. 
2. The electrometer claimed in claim 1, wherein said 

bending vibrator comprises a first metal plate as said detec 
tion electrode, a second metal plate, an insulating plate for 
connecting said first metal plate and said second metal plate 
in a plane, and at least two piezoelectric ceramics bonded 
onto said second metal plate. 

3. The electrometer claimed in claim 6, wherein said first 
metal plate as said detection electrode is constituted with a 
metal plate bent at right angle. 

4. The electrometer claimed in claim 2, wherein said 
supporting means includes a first supporting member and a 
second supporting member. 

5. The electrometer claimed in claim 4, wherein said first 
supporting member and said second supporting member are 
integrally formed with said first metal plate and said second 
metal plate, respectively. 

6. The electrometer claimed in claim 5, wherein each of 
said first metal plate and said second metal plate is con 
nected to a wiring substrate through said first supporting 
member and said second supporting member, respectively. 

7. The electrometer claimed in claim 1, wherein said 
supporting means is used as a lead for output signal of said 
electrometer. 


